Purpose: Wernicke's encephalopathy (WE) is a severe neurological disorder caused by thiamine deficiency. The most common cause of WE is alcoholism. However, there is a significant paucity of information in the existing literature relating to nonalcoholic WE. In this study, we investigated the clinical characteristics and neuroimaging findings of nine patients with nonalcoholic WE. Patients and methods: We retrospectively collated clinical data from nine patients who had been diagnosed with WE in accordance with established criteria including age, gender, risk factors and clinical manifestations. We also collated initial hematological and neuroimaging findings. Results: The mean age of the nine patients was 54.0±17.1 years; four of these patients (44.4%) were male. All nine patients had a history of fasting (range, 5-47 days) prior to WE. Four of the nine patients (44.4%) exhibited the classical triad, and eight (88.9%) showed alterations in mental status. Magnetic resonance imaging (MRI) scans showed that all nine patients had symmetric lesions of the medial thalamus. MRI also revealed other WE-related lesions in mammillary bodies (22.2%), the periaqueductal region (55.6%), the tectal plate of the midbrain (77.8%), cranial nerve nuclei (77.8%) and in the symmetric subcortical white matter (11.1%). Conclusion: Our analysis showed that fasting is a common cause of WE in nonalcoholic patients and that MRI is a useful tool for the diagnosis of WE. The most common MRI findings were symmetrical lesions of the medial thalamus lesions, followed by the tectal plate of the midbrain and cranial nerve nuclei.
Introduction
Wernicke's encephalopathy (WE) is an uncommon but severe neurological disorder which results from thiamine (vitamin B1) deficiency. The most common cause of WE is chronic alcohol abuse. However, the risk factors for nonalcoholic patients include cancer, gastrointestinal surgery and hyperemesis gravidarum. [1] [2] [3] Previous postmortem studies have estimated that the prevalence of WE in the general population ranges from 0.4% to 2.8%. 4, 5 This condition is characterized by altered mental state or mild memory impairment, along with oculomotor abnormalities and cerebellar dysfunction collectively, which are referred to as the classic clinical triad of WE. Nevertheless, this classic triad is only present in approximately 16.5% of patients. 6 Furthermore, approximately 19% of patients do not exhibit any of these classic symptoms at the presentation of WE. 6, 7 Magnetic resonance imaging (MRI) is a useful tool for confirming a diagnosis of WE, particularly when clinical presentation is nonspecific. This is because MRI can readily demonstrate typical (thalamus, mammillary bodies, tectal plate and periaqueductal region) and atypical (cerebellum, cranial nerve nuclei and cerebral cortex) alterations in signal intensity. 8 The prognosis of WE is good if a correct diagnosis is made early. However, some cases of WE become irreversible if diagnosis is delayed or misdiagnosis occurs. Therefore, the timely and accurate diagnosis of WE are critical for improving the prognosis of patients affected by this disease. Most of the published literature relating to WE refer to alcoholic patients. However, there have been only a few published studies focusing on nonalcoholic WE, [9] [10] [11] [12] [13] [14] which is easily neglected by health care professionals. Thus, we aimed to investigate the clinical and neuroimaging characteristics of nonalcoholic patients with WE.
Materials and methods
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Dongguan People's Hospital (Reference Number: KYKT2018-007). As this study featured a retrospective design, the Ethics Committee judged it as minimal risk research and the participants could not be located. Thus, they approved a waiver of informed consent. All study data of the participants were kept confidentially by the investigators according to the guideline of the Ethics Committee.
Participants
This was a retrospective study of patients diagnosed with WE at Dongguan People's Hospital between 1 January 2011 and 31 December 2017. Dongguan People's Hospital, which is the largest public tertiary hospital in Dongguan City, is located in the south of China. The population in Dongguan City is almost 8 million. According to recent statistics, there were 105,055 inpatients admitted into our hospital in 2017. We included patients with a clinical diagnosis of WE and showing at least two criteria from the classification previously published by Caine et al. 15 Patients were excluded if they were younger than 14 years of age and/or neuroimaging data were not available. Those who had a history of alcohol abuse were excluded as well.
Demographic and clinical variables
For each subject, we collected a range of demographic and clinical variables, including age, gender, risk factors (eg, acute pancreatitis, cancer and hyperemesis gravidarum), clinical manifestations (including ocular signs, cerebellar signs, altered mental status or mild memory impairment) and initial hematological findings. We used the mini-mental state examination (MMSE) to assess global cognitive impairment. Hematological examinations included hemoglobin, serum creatinine, blood glucose, sodium, potassium, mean corpuscular volume (MCV), gamma-glutamyl transpeptidase (GGT) and serum albumin levels.
Diagnosis of WE
WE was diagnosed in accordance with specific criteria previously published by Caine et al. 15, 16 According to Caine et al, two of the following four signs must be observed: 1) dietary deficiencies; 2) oculomotor abnormalities; 3) cerebellar dysfunction and 4) altered mental state or mild memory impairment. 15 Dietary deficiencies were defined as a body mass index lower than 2 standard deviation below normal as evidence of undernutrition, a history of grossly impaired dietary intake or an abnormal thiamine status. 15 
MRI analysis
All nine patients underwent MRI scans with a 3.0T system (Skyra, Siemens Medical, Berlin, Germany) within 3 days of the onset of prominent WE-related symptoms and before the administration of thiamin. All patients were examined with T1-weighted imaging (T1WI) and T2-weighted imaging (T2WI), as well as fluid-attenuated inversion recovery (FLAIR) imaging. Seven patients were examined with diffusion-weighted imaging (DWI) and four with enhanced scanning by gadolinium contrast. We also acquired axial spin-echo (SE) T1 images (time of repetition [TR]/time of echo [TE]/excitation =1500/11/1; field of view [FOV] =220 mm; slice thickness/gap =4 mm/1.2 mm; matrix =320×320; time of acquisition =1 min 26 s) and turbo spin-echo (TSE) T2 images (TR/TE/excitation =4720/96/2; turbo factor: 15; FOV =220 mm; slice thickness/gap =4 mm/1.2 mm; matrix =512×512; time of acquisition =1 min 50 s). Coronal position FLAIR (TR/TE/excitation =9000/84/1; FOV =230 mm; slice thickness/gap =5 mm/1.5 mm; matrix =320×320; time of acquisition =1 min 50 s) and DWI spin-echo echo-planar imaging (EPI) (TR/TE/excitation =4640/67/1; matrix =192×192; FOV =230 mm; slice thickness/gap =4 mm/1.2 mm; EPI factor =91; acquisition time =1 min 44 s) were also carried out; these images utilized three orthogonally applied gradients, with b values of 0 and 1000. Follow-up
Patients were followed up via telephone or by face-to-face interview. For each patient, we used a modified Rankin scale (mRS) 17 to quantitate the level of disability at follow-up.
Statistical analysis
Statistical analyses were conducted using SPSS for Windows (version 20.0, SPSS Inc., Chicago, IL, USA).
Variables are presented as a mean (with SD), frequency or median (IQR), as appropriate.
Results

Participant characteristics
A total of nine patients with nonalcoholic WE were recruited, none of whom had a history of alcohol abuse. Four of the nine patients (44.4%) were male. Mean patient age was 54.0±17.1 years (range, 29-81 years). The levels of serum albumin were all below the normal range, with a mean of 31.5 g/L (range, 24.7-36.6 g/L). Six of the nine patients had lower blood sodium levels than normal, with a mean of 136.1 mmol/L (range, 131.0-147.7 mmol/L). Five of the patients had lower levels of hemoglobin than normal, with a mean of 106.8 g/L (range, 89-128 g/L). The levels of GGT were all normal, with a mean of 28.6 U/L (range, 8.6-53.1 U/L). The mean of MCV was 86.6 fl (range, 79.0-90.9fl).The demographic characteristics and hematological findings of each participant at the onset of WE are shown in Table 1 . All nine patients had a history of fasting (ranging from 5 to 47 days) before WE as a result of acute pancreatitis (two cases), gastrointestinal tumors (four cases), intestinal obstruction (one case), pyloric obstruction (one case) and hyperemesis gravidarum (one case). During fasting, the patients received total parenteral nutrition without thiamine supplementation. The classic triad was evident in four patients (44.4%), while two patients (22.2%) exhibited two of the three classic manifestations; the other three patients (33.4%) exhibited only one of the classic manifestations. Eight of the nine patients (88.9%) exhibited changes in mental status; five patients presented with a reduced level of consciousness (drowsiness in four cases, coma in one case), while the other three patients presented with delirium. Three patients had psychiatric symptoms, including persecutory delusion (one case) and visual hallucination (two cases). Four participants (44.4%) showed memory impairment. Oculomotor abnormalities were present in seven participants (77.8%) as well as in four patients (44.4%) with nystagmus. Four patients (44.4%) showed cerebellar signs, which manifested as gait instability. All patients were treated with intramuscular (IM) thiamine (100 mg, 3 times per day). The median interval between the onset of WE-related symptoms and the first administration of IM thiamin was 7 days (range, 5-12 days). The median duration of IM thiamin was 13 days (range, 8-28 days). The clinical characteristics of the nine patients with WE, along with relevant frequency data, are shown in Tables 2 and 3. MRI findings MRI showed symmetric hyperintensity on T2WI and FLAIR imaging and symmetrical hypointensity or no abnormalities on T1WI. Of the seven patients who underwent DWI scans, all showed symmetric hyperintensity lesions on DWI, while only three showed hypointensity on apparent diffusion coefficient (ADC). No enhanced lesions were observed in the four patients who underwent enhanced scanning.
All participants showed symmetrical increases of T2WI and FLAIR signals in the medial thalamus. T2WI and FLAIR imaging identified hyperintense lesions in the midbrain tectal plate in seven of the participants (77.8%). The periaqueductal region was involved in five patients (55.6%), and mammillary bodies in two patients (22.2%). Furthermore, atypical lesions were found in the cranial nerve nuclei (bilateral medial vestibular nuclei; seven patients, 77.8%) and subcortical white matter lesions (one patient, 11.1%) ( Figure 1 ). We did not observe any lesion in the cerebellum. The topographic distribution of lesions in the nine patients with WE is shown in Table 3 .
Patient outcomes
The mean follow-up period was 30.0±20.3 months after discharge. Two patients died within 6 months of discharge because of malignant tumors. Two patients had an mRS score of 0, three patients had an mRS score of 2 and two patients had an mRS score of 3. One patient (Patient 5) underwent repeated MRI scans 8 months after the onset of WE; the hyperintensity signal on DWI had disappeared, with an attenuated hyperintensity signal on T2WI ( Figure 2 ).
Discussion
WE is a metabolic disease caused by thiamine deficiency. Although chronic alcoholism is the leading cause of WE, it is also important to examine the causes of WE in nonalcoholic patients. It has previously been reported that nonalcoholic WE may occur after most gastrointestinal surgical procedures, including gastric bypass surgery, 2,18,19 gastrojejunostomy 20 and gastrectomy. 21 In addition, acute pancreatitis, 22,23 pyloric obstruction 24 and hyperemesis gravidarum 3, 25 are also regarded as being predisposing factors for WE. In all of our current patients, WE was attributed to nonalcoholism-related causes, such as gastrointestinal surgery, hyperemesis gravidarum, acute pancreatitis and pyloric obstruction. Our nine nonalcoholic WE patients all had a history of fasting, ranging from 5 to 47 days, which may have resulted in thiamine deficiency. This indicated that even 5 days of fasting without thiamine supplement could result in WE. These findings suggest that fasting is a common cause of WE in nonalcoholic patients. Therefore, it is very important to provide thiamine supplementation to those who have dietary deficiencies or those who are at risk of WE. 10, 26 We found that 44.4% of our patients showed the classic triad of clinical manifestations; this was higher than that reported by previous studies, 6, 11, 14 but lower than that in another study by Gascon-Bayarri et al. 12 Changes in mental status and oculomotor abnormalities occurred in 88.9% and 77.8% of our patients, respectively; these findings were similar to those reported previously by Zuccoli et al. 11 The present results were also in accordance with previous studies in that the most common manifestation of WE was changes in mental status. 6, 7, 27 Collectively, these findings show that WE should be considered when a patient presents with changes to their mental status and dietary deficiency.
The MRI findings in this study revealed the presence of typical lesions, including those in the symmetric medial thalamus, mammillary bodies, periaqueductal region, and the tectal plate. Cranial nerve nuclei and subcortical white matter were also evident as atypical lesions; these findings were consistent with those reported by previous studies. 8, 28 In our study, lesions were most frequently found in the bilateral medial thalamus (9/9); these findings were similar to those published previously. 10, 11, 14 Lesions were also frequently found in the tectal plate and the cranial nerve nuclei. These findings were in accordance with one previous study, 11 but not others. 10, 14 No lesions in the cerebellum were observed in our study, which was similar to a previous study. 12 We speculate that the involvement of the tectal plate and the cranial nerve nuclei may be more specific to nonalcoholic cases of WE. In Table 4 , we present a summary of previously published studies that have investigated nonalcoholic cases of WE and compared these studies with data arising from our present study. According to previous literature, lesions may exhibit hyperintensity on DWI images with reduced, normal or even increased ADC values. 29 In the present study, all seven patients who underwent DWI scans presented with hyperintensity. Three patients showed hypointensity on ADC, while the other four patients showed normal ADC values. DWI hyperintensity with reduced ADC is indicative of cytotoxic edema in the neurons and glial cells; this condition is characterized by restricted diffusion. 30, 31 However, according to Chu et al, hyperintensity on DWI, as well as reduced ADC, does not always indicate irreversible tissue damage, but rather, indicates the presence of tissues which are at risk of irreversible damage. 32 In the present study, two patients (Patient 1 and Patient 7), who showed hyperintensity on DWI and reduced ADC, had a relatively good outcome (mRS =2) after sufficient thiamine therapy. Contrast enhancement in the mammillary bodies and thalamus is a typical finding for this disease in alcoholic patients. 11 In the present study, no contrast enhancement was observed in the mammillary bodies of any of the four nonalcoholic patients who underwent enhanced scanning.
There were several advantages to our study. First, we recruited nine nonalcoholic cases of WE, each with relatively complete datasets, including neuroimaging data. In addition, our neuroimaging findings were in accord with a previous study by Zuccoli et al, 11 which featured a large sample size and indicated that the tectal plate of the midbrain and cranial nerve nuclei might be prone to an involvement in nonalcoholic WE. However, there were several limitations to our study which also need to be considered. First, the sample size was relatively small. Second, we were unable to evaluate the basal thiamine levels of patients prior to its administration. Third, due to our retrospective experimental design, it was difficult to evaluate how the findings evolved on imaging. 
Conclusion
This study suggests that fasting is a common cause of WE in nonalcoholic patients. MRI, which revealed differential patterns in the distribution of lesions between alcoholic patients and nonalcoholic patients, is a useful tool for the early diagnosis of WE. Involvement of the tectal plate and cranial nerve nuclei on MRI may be specific to nonalcoholic WE. These findings should now be confirmed by further studies which incorporate larger sample sizes.
